We present estimates of the charming penguin contribution to B → Kπ, ππ, Kη, Kη ′ decays due to intermediate charmed meson states. We find that this contribution is indeed significant for B → Kπ decays and its inclusion, together with the tree and penguin terms, produces large branching ratios in agreement with data, though the analysis is affected by large theoretical uncertainties. On the other hand for B → ππ, Kη, Kη ′ decays the effect of the charming penguin is more modest. We also compute CP asymmetries for B → Kπ, ππ decays and we obtain rather large results.
Introduction
In a recent paper [1] , hereafter referred to as I, we gave an estimate of the so-called charming penguin [2] , [3] contributions to the decays B → Kπ. This is a long-distance part of the decay amplitude whose imaginary part results from the decay chains
while the real part can be computed by a tree diagram of the effective chiral lagrangian for heavy mesons [4] - [9] . In the present paper we shall call this amplitude A ChP . The relevance of these contributions for B → Kπ decays was first pointed out in [10] ; though suppressed in the factorization approximation, these terms are enhanced by the Cabibbo-Kobayashi-Maskawa (CKM) matrix factor V cb V * cs in comparison to the short distance terms, i.e. contributions arising from the Tree and Penguin terms in the factorization approximation, whose amplitude we call here A T +P . In I we have shown that, even taking into account the uncertainties inherent to this calculation, the contribution of the charming penguins to the decay channels B + → K 0 π + and B 0 → K + π − is indeed significant and can explain the difference between the data and the result obtained by A T +P . In the present paper we wish to extend the analysis to cover other B decay channels with a Kπ pair in the final state, as well as other charmless B decays into two pseudoscalar mesons, i.e.
B → Kη ,
For the processes (3) and (4) are presented in I and can be applied here with some obvious changes. For example the substitution K → π for the channel (2) or the substitution of the pion physical constants with the analogous observables of η and η ′ for the channels (3) and (4) . A few points however deserve a more detailed discussion; let us examine them in next section.
Discussion on the method and its uncertainties
The procedure for obtaining the real part is based on the use of an effective field theory satisfying chiral symmetry as well as heavy flavor symmetries. The main point in this procedure is the following approximation (we take B + → K 0 π + as the representative channel for the B → P P decays):
with J µ =bγ µ (1 −γ 5 )c andĴ µ =cγ ν (1 −γ 5 )s; moreover a 2 is a Wilson coefficient (a 2 = 1.03), and
where | n| = 1 and µ is a scale representing the onset of the scaling behaviour. This approximation is based on the light-cone expansion [11] , [12] , which in the present case reads:
where the O(x 2 0 ) terms are negligible for µ = 1/|x 0 | sufficiently large (µ ∼ m b ); clearly the integral over n corresponds to an average over the directions of x 0 . In order to compute (5) we write
where
Let us now show that, after averaging over n, one obtains a cutoff over the high frequencies in (8) . As a matter of fact one has
where the cutoff function is
For µ → ∞, θ(µ, | q|) → 1; for finite values of µ this function cuts off from the q−integral in (10) the region −q 2 ≥ µ 2 . Instead of the smooth oscillating function (11) we used in I the step function
which allows a considerable reduction of computing time. We also stress that one can extract from the integration in the momentum q the heavy mass contribution according to the formula
(see Eq.(30) of I). Here v µ is the the heavy meson velocity and ℓ is a residual momentum.
By this the cutoff function on the ℓ−integration becomes
and the value of the cut-off µ ℓ found in I is 0.5 − 0.7 GeV. The whole procedure we have so far described has been used several times in the past in the application of the light cone expansion ideas to the nonleptonic weak decays, starting from the pioneering work of K.
Wilson (see Section 7 of [11] and the subsequent work of several authors [13] ). We repeat it here as it may be not familiar to some readers and also to stress that the correct value of the cut-off µ (corresponding to µ ℓ ) is not the W mass, but a scale of the order of m b or, better, m b − m c . It is a consequence of the precocity of the scaling behaviour whose a well-known example is provided by deep inelastic scattering * .
The second point to be stressed is that while we are using in the present paper, as well as in I, the chiral lagrangian effective theory for heavy mesons [4] - [6] , the light pseudoscalar mesons in the final state have large momenta. Therefore the effective lagrangian must be corrected to take into account the hard meson momenta. The procedure we adopted in I was based on the introduction of form factors, similarly to the approach followed in [6] , [7] and [9] . We were able to estimate, by using the constituent quark model, the form factor correcting the B * Bπ and D * Dπ vertices. Besides, one should also consider the form factor correcting the diagram in fig. 1 , which represents the main contribution to the real part of A ChP (in I this diagram is depicted in fig. 2a ). The weak vertices to direct, non-resonant couplings and arise from the weak effective current:
* On the basis of the previous remarks, the criticism of I contained in [14] appears to be unjustified.
which is the effective realization of the quark currentq a γ µ (1−γ 5 )Q. α is related to the heavy meson leptonic decay constant by the formula α = f D √ m D , valid in the infinite quark mass
and
In these formulae v is the heavy meson velocity, P a , P * aµ are the annihilation operators of heavy pseudoscalar and vector mesons made up by a heavy quark and a light antiquark of flavour a (a = 1, 2, 3 for u, d, s); M is the usual 3 × 3 matrix comprising the octet of pseudo-Goldstone bosons; f ≃ f π ≈ 132 MeV is the pseudo-Goldstone bosons decay constant. Eq. (15) generates not only weak couplings of D, D * to hadronic final states with two pseudo-Goldstone bosons, but also the amplitudes with one light pseudoscalar boson in the final state; in particular it produces the Callan-Treiman relation relating the form factor
At the scale we are interested in, this vertex should be corrected by a form factor that we call F a (q 2 ) (q is the four momentum carried by the current):
We do not have sufficient information on the behaviour of F a (q 2 ) † , therefore we leave it as a (constant) parameter and we write
It must be stressed however that, in the evaluation of the scaling behaviour (with 1/m b ) of the charming penguins, the role of this form factor is indeed relevant. Assuming ‡ , as in [16] ,
one gets a scaling law m One can now assume a similar behaviour for the form factor F a , which is reasonable, as the two amplitudes P → M and P → MM (P heavy, M light mesons) † A model calculation of this form factor is in [15] .
‡ This assumption is based on the dominance of the hard contribution in the QCD evaluation of the form factor; the actual scaling law may be affected by the behaviour in the soft region, e.g. at the end points.
derive from the same effective current L µ . This implies that the contribution of the charming penguin diagrams should be suppressed by some power O(1/m b ) in the m b → ∞ limit in comparison with the factorizable ones. As we are not able to define better the form factor F a , our evaluation should be understood as an order of magnitude estimate.
Results
Given these remarks we are now ready to present our results. The Tree and Penguin contribution to the decay processes B → Kπ, B → ππ and B → Kη (′) are obtained by the usual procedure of factorization using the non leptonic hamiltonian as given e.g. in [17] . As for the charming penguin terms, the explicit formulae can be found in I and need not to be reported here (in I they are denoted as A LD ). The numerical results we obtain for the amplitudes are reported in Table 1 . We note that the phase of A T +P is 
The amplitudes are evaluated using, for the CKM matrix elements, the results of the analysis [21] : A = 0.82, ρ = 0.23, η = 0.32. For § We employ the QCD Sum Rule result of [19] ; a slightly higher value is in [20] .
the Kη (′) final state we use SU(3) symmetry and the method of [17] with f 0 = f 8 = f π = 132
MeV and θ 0 = θ 8 = −22 o . We also notice that our phase convention is such that the amplitude A(B + → K 0 π + ) differ by a sign from the result of [22] ; for B → π 0 π 0 the statistical factor 1/2 in the branching ratio takes into account the identity of the final mesons. From Table 2 : Theoretical values for the CP averaged Branching Ratios (BR) compared with experimental data. Data are averages [23] from among CLEO [24] , BaBar [25] , Belle [26] except for the upper limit that comes from [24] .
the results in Table 1 we can compute the Branching Ratios (BR) and the CP asymmetries for the Kπ and ππ final states. The CP averaged Branching Ratios are reported in Table  2 . In the first numerical column we report the results obtained by including only the Tree and Penguin contributions, i.e. A T +P ; in the second column we give the results obtained by the full amplitude A T +P + A ChP ; in the final column we give the available data from the CLEO, Belle and BaBar experiments. The errors on the branching ratios are obtained varying independently the cut-off µ ℓ in the range 0.5 ÷ 0.7 GeV, F a in the range 0.5 ÷ 1.5, and F (| p π |) = 0.065 ± 0.035 and summing the errors in quadrature. We have not added the errors related with the Tree and Penguin contribution, arising from the CKM matrix elements and from the hadronic parameters. A comparison between and the first and the second column shows the importance of A ChP for the Kπ final state while for the ππ final states the charming penguin contribution is either absent (π ± π 0 ) or less important (π + π − ).
As a matter of fact, as already observed in I, using SU(3) symmetry one obtains for this channel:
i.e. a CKM suppression in comparison with the Kπ final state. We note a general good agreement with the data; the only significant difference is for the π + π − final state, which in our opinion should be explained by a more refined analysis of the errors in the inputs of the Tree and Penguin contributions (we repeat that, for the sake of simplicity, we have not introduced these errors in our discussion). In any event Table 2 show that the uncertainties arising from the charming penguin term are rather large.
The absorptive part of A ChP , that is less sensitive to theoretical uncertainties than the real part, provides a strong argument for a large inelastic final state interaction phase and for an appreciable CP violation even in the absence of the Kπ and ππ elastic rescattering phase shift. To be more quantitative, from the results in Table 1 we compute CP violating asymmetries for the various channels:
,
We obtain the following results:
while the asymmetries for the Kπ final state are reported in Fig. 2 as a function of the angle γ = arg( V * ub ). We have not reported the asymmetry A 0− that vanishes in our approach.
The regions reported in these graphs correspond to a variation of the three most relevant parameters affecting our numerical results, i.e. the cutoff µ ℓ ∈ [0.5, 0.7] GeV and the form factors F a in (20) and F (| p π |) ∈ [ 0.03, 0.10 ]. We see that the variations are rather large, but still compatible with the CLEO [27] , BaBar [28] and Belle data [29] that are as follows [23] :
The CP asymmetries we obtain are large, about 20% or more, as shown in Fig. 2 . In particular, we find a large CP asymmetries for B 0 → π + π − decays, see Eq. (23). The measurement of α from B 0 → π + π − decays could still be possible once an accurate determination of the long-distance absorptive part from B → Kπ decays were obtained. Our results for the asymmetries are (in absolute value) compatible with Refs. [3] , [30] that also obtain large CP asymmetries for B → Kπ, ππ decays in phenomenological analyses of the charming penguin contributions. This is in contrast with the QCD-improved factorization model which predicts a small CP asymmetries for B → Kπ and B → ππ decays [16, 23, 31] .
Let us also briefly comment on the Kη and Kη ′ final states. Our results for these channels are reported in Table 3 . For the Kη ′ final states one can clearly see that the charming penguin significantly enhances the results and may be important for producing a large branching ratio; however it is also clear that some relevant further contribution is still missing since by no reasonable choice of the parameters the charming penguin by alone can solve the puzzle posed by experimentally very large decay fractions. We refer the reader to the existing literature [32] on this subject. 
Conclusions
In conclusion we have extended our model of the charming penguin contributions in B → Kπ decays to all the significant decays with two pseudoscalar mesons in the final state. Although the calculation presents a number of theoretical uncertainties it clearly shows that the effect of the charming penguin terms is overwhelming for all the B → Kπ decay modes while its role is less significant in the other channels. This dominance is not parametric, i.e. it does not contradict the dominance of the factorized amplitude in the m b → ∞ limit discussed by several authors in the last two years [14] , [16] , [33] , [34] , [35] . It arises from the CKM enhancement of the non-factorized decay chains (1) and their related real parts. The size of these charming penguin terms can be estimated by a effective field approach, though a complete calculation is beyond the presently available theoretical methods. Therefore, one cannot escape the conclusion that, in spite of the proven theorems, the elusive non-leptonic B-decays still maintain their secrecy.
